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Abstract

Background: World Health Organization defined congenital malformations or birth
defects as structural anomalies, which are present at the time of birth. Congenital heart defects
(CHD), mainly patent ductus arteriosus (PDA) and ventricular septal defect (VSD), are the most
common types of congenital malformations. Worldwide there is obvious decrease in mortality
rates of children with CHD and, thus, the most focus is currently based on neurocognitive

outcomes among children with corrected CHD.

Aim: The aim of the present study was to evaluate the neurocognitive performance and
hyperactivity of children at the age of 6-12 years with corrected PDA and VSD and compare
these with the performance of children without CHD. The neurocognitive and hyperactivity
scores were also compared between those with corrected PDA and corrected VSD, as well as
between those who underwent surgical correction of these CHDs with the use of

cardiopulmonary bypass machine and without its use.

Methods: This study utilized a cross-sectional study design with several comparison
groups. The sampling frame for children with and without CHD was Nork Marash Medical
Center’s database. Telephone interviews were conducted with the children’s parents/main
caregivers to collect data on health status of the child, activities of the child, caregiver’s smoking
habits, child’s general health status, attention, memory, problem solving and motor functioning,
hyperactivity, and also socio-demographic characteristics of the respondents. The student
investigator used a set of questions evaluating child’s neurocognitive skills and hyperactivity
based on parental reports. After telephone based survey, student investigator collected data from
the child’s medical records and follow-up forms. To describe the study population, descriptive

statistics have been used, afterwards simple linear regression was conducted between the study



variables and two separate outcomes: neurocognitive and hyperactivity scores. Finally,
multivariate linear regression analysis was carried out to identify controlled associations between

the two separate outcomes and the independent variables of the study.

Results: The results of this study showed that children with corrected CHD have
significantly lower mean neurocognitive (23.3 (SD 7.8)) and hyperactivity (1.9 (SD 1.5)) scores,
than children without CHD (41.5 (SD 2.9) and 0.9 (SD 0.8), respectively). The differences
remained significant after controlling for the potential confounders (for neurocognitive score,
respondent’s age, child’s age, attendance of a daycare facility, child’s grade point at school and
duration of breastfeeding, and for hyperactivity score, respondent’s age and child’s participation
in studies other than a regular school). Children with corrected PDA showed higher mean
neurocognitive score (28.6 (SD 5.6)), than those with corrected VSD (20.3 (SD 7.4)). The
difference was significant when adjusting for potential confounders (respondent’s age, mode of
delivery, attendance of a daycare facility, and child’s grade point at school). The neurocognitive
score of children with CHD operated off-pump was higher (27.4 (SD 5.9)) compared to those
operated on-pump (20.3 (SD 7.4)), and the difference remained significant after controlling for
potential confounders (age, child’s health status rating, mode of delivery, attendance of a daycare
facility, and pulmonary hypertension before the correction of CHD). The adjusted comparisons
showed no statistically significant difference in hyperactivity scores between the groups with
PDA and VSD, as well as the groups operated with the use of cardiopulmonary bypass machine

and without its use.

Conclusions: Children with corrected CHD have lower neurocognitive and higher
hyperactivity scores compared to children without CHD. Children with corrected PDA have

higher neurocognitive score than those with corrected VSD. In addition, those children operated



for CHD off-pump have higher neurocognitive score than those operated using on-pump
machine. Meanwhile, these two groups are not statistically significantly different in terms of
hyperactivity. Based on these findings, the study recommends developing neurocognitive
rehabilitation program for those children who underwent CHD correction. Future research is

needed to assess child’s neurocognitive development before and after CHD correction.



Background

It is estimated that around 270,000 neonates die due to congenital malformations each year!?.
Heart defects are among the most common congenital malformations. Congenital Heart Defects
(CHD) lead to abnormal circulation of blood®. Normally, the heart’s right side is responsible for
pumping the blood to the lungs, while its left side pumps blood to the body*. There are several
types of the CHD and the clinical presentations vary from the severe, life threatening symptoms
to simple defects with no symptoms. In the Unites States, approximately 35,000 babies are born
with CHD. It is estimated that eight out of every 1,000 newborns have congenital heart defects.
Due to improved diagnosis and treatment of heart defects children survive to adulthood, living

active and productive lives®.

One of the common congenital heart defects is patent ductus arteriosus (PDA), which occurs
after birth in some infants. In a fetus, the two major arteries (aorta and pulmonary artery) are
connected by a blood vessel that is called the ductus arteriosus. After birth, as a major part of
establishment of normal infant’s blood circulation, ductus arteriosus supposed to be closed.
Meanwhile, in some infants ductus arteriosus remains open-patent, causing abnormal blood
circulation®®. There are two types of correction of this defect: surgical and catheter-based

procedures.

Open-heart correction of PDA is carried out without the use of cardiopulmonary bypass machine
(communication with a pediatric interventional cardiologist). Open-heart surgery is indicated
when the baby is very small and the defect is very large, usually it is being done before six
months of age. For those with large defects causing symptoms, for instance rapid breathing and
edema, surgical correction is conducted earlier. Usually, complications after surgical correction

of PDA are very rare, short term, and include paralyzed diaphragm, intraventricular bleeding,



hoarseness, and infection. The catheter-based correction of PDA is being done if the child is at
least 6 kg, is over six months of age, have no infection, and have no high blood pressure in the
pulmonary arteries”®. According to an oral conversation with a pediatric cardiologist from Nork
Marash Medical Center (NMMC), either catheter-based or open-heart correction of PDA is
carried out at NMMC, depending on the degree of hemodynamic changes. About 90% of PDAs

at NMMC are corrected with catheter-based procedure, if the patient is over 15kg.

In children with PDA, the hemodynamic change is characterized by a left-to-right blood shunt
from aorta to pulmonary artery, increasing the pulmonary blood flow and, accordingly, the load
on the left heart. Even in preterm infants with PDA, although pulmonary hypertension occurs
with hyaline membrane disease, the common hemodynamic change is a left-to-right shunt,
accordingly increasing pulmonary blood flow and at the same time decreasing systematic blood
flow®. PDA’s natural history depends on the size of the defect and magnitude of the shunt, as
well as on the status of the pulmonary vasculature. Those patients, who have significant left heart
overload, are at higher risk of congestive heart failure. The status of the pulmonary vascular
resistance depends on shunting degree, if the ductus is large and nonrestrictive (minimal
resistance to flow), patients are likely to develop irreversible pulmonary vascular disease,
decreased lung compliance, failure of left ventricle, also pulmonary infections and death. In
patients with moderate left-to-right shunt, pulmonary vascular resistance is boosted,
consequently limiting shunting sufficiently and thus lessening the impact of the defect on
psychological development and growth. In cases when PDA is small, patients may have no
symptoms either during infancy or during childhood, moreover some of the patients may never
develop symptoms. However, in those with significant chronic overload of the left heart,

congestive heart failure in adulthood may be developed®°.
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Hemodynamic consequences of PDA are linked to the degree of shunt. In majority of infants, the
ductus is restrictive and a significant pressure gradient exists between aorta and pulmonary
artery. PDAs are characterized by the ratio of pulmonary (QP) to systematic (QS) arterial blood
flow. PDA is considered large when QP:QS >2.2 to 1, moderate QP:QS between 1.5 and 2.2 to
1, and small, when QP:QS <1.5 to 1. The small PDA is also called silent PDA, where the shunt
is minimal and there is no hearable murmur*!. The small PDAs with shunt ratio less than 1.5/1,
with normal heart size and normal pulmonary artery pressure can be considered for catheter-
based closure, since the risk regarding this kind of closure is very low and the success rate is
very high. In some cases, 3-5 year follow-up periods are indicated for patients with uncorrected

small PDA with no hemodynamic changes®.

Catheter-based procedures are being done without child’s chest opening. Consequently, the
recovery is quick. The complications from this procedure are rare and include infection,
intraventricular bleeding, also movement of the blocking device!?. The mortality rate from
surgical correction of PDA is less than 0.5%, whilst from the catheter-based correction no deaths

have been reported®®.

Another type of CHD, which is as common as PDA, is Ventricular Septal Defect (VSD). In the
most cases, its cause is unknown. According to CDC's study carried out in Atlanta, 42 out of
every 10,000 babies had a VSD’. In the situation with diagnosed VSD, a child’s heart is not
functioning as usual; the blood can pass from the left ventricle to the right ventricle due to the
hole in the septum and then flow out to the lung arteries®. The heart and lungs are working harder
due to the extra blood that is being pumped into the lung arteries’. The VSDs could be of
different sizes. If the defect is small, the surgery is not needed, since the defect could be closed

naturally without any treatment and medicine®. If the defect is larger, it could lead to the
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increased risk of heart failure, pulmonary hypertension, and arrhythmia (irregular heart rhythms).
As in the case of PDA, hemodynamic changes from VSD are also associated with the size of the
defect. Small defects are considered restrictive and the large ones are nonrestrictive. In the
nonrestrictive type, there is no pressure gradient across the defect, while in the restrictive type
the pressure gradient exists reducing the shunt. As mentioned above, QP:QS ratio is the amount
of blood which is flowing in the right heart compared to the left heart. When VSD is small
(restrictive), the QP:QS ratio is less than 2:1. In the case of moderate VSD, the QP:QS ratio is
more than 2:1, while in the case of large VSD the right ventricular systolic pressure is equal to
the left ventricular systolic pressure®*. For the correction of VSD, open-heart surgery with
cardiopulmonary bypass machine is used (communication with a pediatric interventional

cardiologist).
Situation in Armenia

According to World Health Rankings*®, Armenia is the 20" country with high death rates from
congenital anomalies. Based on Statistical Yearbook of Armenia, in 2012, congenital anomalies
accounted for 1,365 out of 298,711 incident morbidity cases among 0-14 years old children and
were the 19" out of the top 20 causes of deaths in Armenia 6. Based on the WHO’s data
published in 2011, deaths caused by congenital anomalies in Armenia account for 0.72% of the
total deaths. Also, the age-adjusted death rate due to congenital anomalies is 9.38 per 100,000

population?’.

NMMC is the only specialized cardiac center in Armenia performing surgical or invasive
correction of congenital heart defects in children. NMMC provides screening,

intervention/treatment and surveillance of children with a variety of heart diseases. It is
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noteworthy that children under 18 with Armenian citizenship are being screened and treated at

NMMC free of charge®®,

The total number of all heart defects diagnosed in NMMC in 2011 was 508, in 2012 — 510, and
in 2013 — 585 (based on NMMC'’s unpublished data). Of these patients, the numbers of those
diagnosed with VSD/PDA were 170/44; 148/30; and 170/41, respectively, in 2011; 2012 and
2013. It is worth taking into account that children with VVSD are usually more severe cases than
those with PDA. These patients are at higher risk for developing heart failure and pulmonary
hypertension before surgery; consequently, they are prescribed some medications before and
after heart surgery (Digoxin, Lazix or Furasimid). After open-heart surgery, based on the severity
of the condition, both PDA and VSD patients are prescribed amoxicillin, paracetamol, and

ibuprofen for several days.
The rationale for investigation

As far as there is an obvious decrease in mortality rates of children with CHD because of
improved technology used for treatment®, researchers have started to pay more attention on the
long-term outcomes, mainly neurocognitive outcomes among children with corrected heart
defects. Neurocognitive impairments often include memory loss, difficulty articulating and
processing information and also interpersonal and behavioral difficulties®®. These disorders are
mainly disclosed early in development, particularly before the child’s grade school entering?’.
There are a number of studies looking at these outcomes, which documented significant
differences in neurobehavioral development between children operated for CHD and healthy
children?'-2%, Children with corrected CHD are at higher risk for developing neurocognitive
deficit. The studies used different instruments to measure the outcome, either based on direct
neurocognitive assessment of children and/or parental reports?>-2¢, Almost all studies assessed
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the neurocognitive functioning of children at the age of 6-12 years old and one of the studies
validated a parental questionnaire used for assessing child’s cognitive functioning®. They
applied this questionnaire along with a direct assessment tool and demonstrated that the parental
questionnaire was a useful and accurate measure for assessing neurocognitive functioning of

children with CHD?.

Studies found that the main areas of delayed neurocognitive functioning among children with
repaired CHD include perceptual-organizational capabilities, attention, speed of information
processing, and motor functioning?’3%3%, Other similar studies that assessed neurocognitive
outcomes among children with CHD corrected either surgically or via catheter-based correction,
had shown that general intelligence of these patients might be affected, but to a lesser extent,
than academic knowledge, motor functioning, etc.2”*233, Parents of the children with repaired

tetralogy of fallot (TOF) mentioned attention problems and the child’s school competencies

much lower compared with healthy controls 262732,

According to a study assessing cognitive profile of 6-12 years old children with corrected CHD
and matched healthy controls, significantly lower scores were observed for the CHD patients on
Estimated Full Scale Intelligence Quotient (p<0.01)3. In addition, cognitive domains of
Sensorimotor Functioning revealed lower scores for CHD children (P<0.001). Lower scores
were observed also for attention and executive functioning (P<0.05), language (P<0.001), and
memory (P<0.05). A conclusion was made that surgically corrected CHD cases, even when the

correction is done successfully, are at risk for neurocognitive skills delay at school age®*.
In a study conducted by Shilligford et al., parents and teachers of 109 children with
corrected/treated complex CHD reported that their children/pupils were at increased risk of

hyperactivity and inattention. Also, half of these children were using remedial school services,
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although there was no identified perioperative risk factor for the use of remedial school

services?s,

Hovels-Gurich et al. demonstrated that children with treated VSD and TOF at 5-10 years of age
had reduced scores for formal intelligence, motor functioning, expressive and receptive
language, and academic achievements. They concluded that global perioperative management

have its unfavorable effects on the neurodevelopmental outcomes??.

Spijkerboer et al. found higher level of parent-reported emotional and behavioral problems
among 7-17 years old children with CHD corrected in infancy?2. Interestingly, maternal distress
was an important factor influencing the long-term parent-reported behavioral and emotional

outcomes among these children.?.

Based on a study, done by M. von Rhein et al., the mean intelligence quotient in patients with
corrected CHD was lower than the norm (P<0.001). Poor neuromotor (motor tasks) performance
was found among 15% to 20% of the children. The study team concluded that surgery related
parameters do not play a great role on neurocognitive development, meanwhile postoperative

complications are the main reasons for the adverse outcomes?.

According to studies that explored the difference between on-pump and off-pump machine, there
is stronger cognitive decline in patients operated with on-pump machine®**-¢. According to one
of the studies, the odds of developing cognitive decline among patients operated with on-pump
machine was much higher (odds ratio 5.24, P<0.01) compared to those operated without on-

pump machine (odds ratio 0.73, p=0.25)%.

The above-mentioned studies have shown that neurocognitive development of children who

underwent surgical or catheter-based correction of CHD differed from the matched healthy
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controls. Meanwhile, studies have not found a difference in the cognitive functioning of children
who underwent surgical versus catheter-based correction®¥4°. The findings of the above-

mentioned studies are summarized in Appendix 1.

To our knowledge, no studies comparing the neurobehavioral development between
postoperative children who underwent CHD correction and healthy children were carried out so

far in Armenia.

The aim of the present study is to evaluate the neurocognitive performance of children aged 6-12
years with corrected PDA and VSD and compare it with the performance of children without
CHD. The justification for selecting these two CHDs is that both of them cause similar
hemodynamic changes and there is sufficient number of patients with these CHDs registered in
NMMC. Besides, this choice provides an additional opportunity for comparison between the
study subjects, as the correction of VSD is carried out by open-heart surgery with
cardiopulmonary bypass (on-pump) machine, while the open-heart surgery for PDA correction is
usually done without cardiopulmonary bypass machine. Thus, two additional comparisons could
be made — between the children having different CHDs: PDA and VSD, and between those

children who underwent open-heart surgery for CHD correction on pump and off-pump.
Research questions

e Whether the neurocognitive development of children aged 6-12 years is different between
those with corrected CHD and the comparison group without CHD?
e Whether the neurocognitive development of children aged 6-12 years is different between

those with corrected PDA and those with corrected VSD?
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e Whether the neurocognitive development of children aged 6-12 years is different between

those who underwent open-heart surgery for CHD correction on-pump versus off-pump?

Methodology

Study design

This study utilized a cross-sectional study design with several comparison groups to answer the
study’s research questions in a limited timeframe. In the NMMC, PDA and VSD operations are
being done in preschool age (0-5 years of age). The study enrolled all patients currently in the
age of 6-12 years who have undergone open-heart surgery or catheter-based correction of PDA
and VSD in NMMC. This age range was chosen to allow us using the parental questionnaire for
assessing child’s neurocognitive functioning, which is designed and validated for 6-12 years old
children. In addition, this age group is commonly selected in a number of studies assessing

neurobehavioral development of children after corrected CHD6%1:2%,
Study population

The target population included 6-12 years old Armenian residents.

The study population included 6-12 years old Armenian residents who were registered in

NMMC.
Definition of exposed group:

Armenian residents, currently aged 6-12 years old that underwent surgical or catheter-based
correction of PDA and VSD at NMMC during the period from January 1, 2002 to December 31,

2008, selected from the NMMC database.

17



Definition of comparison group:

Armenian residents, currently aged 6-12 years old who were examined at NMMC in during the

period from January 1 to February 28, 2015 and were not diagnosed with CHD were included in

the study as comparison group.
Eligible population:
The exclusion criteria for the exposed group:

e Treatment for heart defects other than PDA and VSD
e Current age less than 6 years and more than 12 years

e Residents of other countries
Exclusion criteria for the comparison group:

e Children having any congenital heart defect

e Children currently less than 6 years and more than 12 years of age

e Residents of other countries

Sample size

A census of all eligible children who underwent correction of PDA or VSD at NMMC during the

period from January 1, 2002 to December 31, 2008 was conducted. According to an oral
communication with the pediatric interventional cardiologist from the NMMC, the current

number of patients at the ages of 6-12 years diagnosed with PDA is 182, in 23 of which the

defect was corrected with catheter-based procedure and in 42 with open-heart surgery. The total

number of 6-12 year old patients diagnosed with VSD is 643. In 157 of these patients, the heart

defect was corrected with open-heart surgery. All these interventions took place from January 1,
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2002 to December 31, 2008. Therefore, the total number of eligible patients in the exposed

group was 222 (23+42+157).

The comparison group, as mentioned above, included those children who have not been
diagnosed with any CHD at NMMC. We selected children for the comparison group randomly
from those currently in the age group of 6-12 years old. Student investigator was able to contact
only 106 parents of children with CHD out of 222. Accordingly, for the unexposed group, 108

telephone-based interviews have been done with parents of children without CHD.
Data collection

The initial data and contact information on the study population were obtained from NMMC’s
database. Afterwards all patients who underwent open-heart/catheter-based correction of PDA
and VSD at NMMC during 2002-2008 were selected. The database in the NMMC contains
contact information, but in the case of missed data, the ID of the certain record was applied in
order to find appropriate hard copy of the medical record. Thereafter, the patients’ parents/main
caregivers were contacted in order to be introduced to the study aims, to get an oral consent for
participation (Appendix 2-5) and if they do agree to participate, to be interviewed by telephone.
The telephone interview mode was chosen, since the majority of the patients were from various
regions of Armenia and, given the time and resource constrains, this was the most feasible way.
Two obvious benefits for telephone-based interviews were time efficiency and cost effectiveness.
This technique was useful, since the study population might not otherwise be available because
of their location*!. During phone surveys, patients were consented regarding access to their
medical records. Afterwards, information was extracted from the medical records and follow-up

forms into Medical Record Abstraction Form (Appendix 6).
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Study instrument

For the data collection, interviewer-administrated questionnaire was used. The study used a set
of questions evaluating child’s neurocognitive skills, including attention, memory, problem
solving, motor functioning, and hyperactivity, based on parental reports. This set of questions
was validated in a prior research and was shown to be an accurate and useful tool for assessing

child’s cognitive functioning via parental reports?%42,

The questionnaire included the following main domains: introductory section, health status of
the child, activities of the child, caregiver’s smoking habits, child’s general health status,
attention, memory, problem solving and motor functioning, hyperactivity, and socio-

demographic characteristics of the respondent (Appendices 7 and 8).
Study variables

The dependent, independent and intervening variables of the study are summarized in Table 1.
The dependent variables were neurocognitive and hyperactivity scores of a 6-12 years old child.
The neurocognitive score was constructed based on the scores of the subscales that were used to
identify different aspects of neurocognitive score of children based on parental responses. The
scale included 15 questions and four subdomains, including attention, memory, problem solving
and motor functioning. The response options for each item included in the scale were “never”,
“sometimes”, “mostly” and “always”?°. After the data collection, the student investigator recoded
the “always” option with a value of 0, “mostly” — value 1, “sometimes” — 2 and “never” — 3.
Scores were generated for each of the four subdomains, afterwards the neurocognitive score was
calculated as a sum of the four domain scores. Accordingly, lower scores suggested that the child

has difficulties with neurocognitive development. The hyperactivity score was developed based
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on five questions, each with three response options. As it was suggested by the literature*?, “not
true” option was recoded as 0, while “sometimes true” and “often true” options as 1. Afterwards,
the hyperactivity score was generated as a sum of these five questions on hyperactivity*.

Accordingly, higher scores suggested that the child has difficulties with hyperactivity.

The independent variables were corrected CHD vs. no CHD, corrected PDA vs. corrected VSD,
and on-pump surgery for CHD correction vs. off-pump surgery. The intervening variables were
respondent’s age, gender, education, employment, marital status, number of family members,
SES score, child’s age, gender, chronic conditions, exposure to tobacco smoke, health status
rating, birth order, term and mode of delivery, frequency of getting sick, attendance of a daycare
facility, participation in studies other than regular school, grade point at school, timing of first
breastfeeding after birth, duration of exclusive and any breastfeeding, age of the diagnosis of
heart defect, weight and length of the child at the time of hospitalization, heart failure before
correction, pulmonary hypertension before correction, drug treatment before correction,
postoperative hospital stay and complications, left ventricular diameter, ejection fraction,
tricuspid valve peak gradient, shunt gradient, and oxygen saturation (Appendices 9 and 10). All
these variables were either constructed based on scores generated from responses to several
items, or based on single items. SES score was generated based on a cumulative score generated
from responses to items on perceived standards of living and family’s average monthly

expenditures.
Data management and analysis

After data collection both from telephone-based interviews and medical records, all available
data were entered in an SPSS 16 data file. The student investigator used Stata IC 12 for the
statistical analysis. Descriptive statistics were used to describe the study population by all
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variables. For continuous variables, means and standard deviations (SD) were presented and for
categorical variables - proportions. The characteristics were compared between the groups
(corrected CHD vs. no CHD, corrected PDA vs. VSD and on-pump vs. off-pump) using two
sided-t-test for continuous variables and chiZ2 test for binary and categorical variables. This was
followed with linear regression analysis with two separate outcomes: neurocognitive and
hyperactivity scores (as continuous variables). The crude associations were checked between the
outcome variables, independent variables, and the covariates, using simple linear regression
analysis (SLR). Then multivariate linear regression analyses were carried out between the
outcome variables and explanatory variables, while adjusting for potential confounders. All
variables that had a p value of <0.25 during bivariate analyses were included in the multivariate

analysis (Tables 6-9).

Ethical considerations

The study was approved by the Institutional Review Board (IRB) of the American University of
Armenia. In addition, NMMC gave permission for conducting the study in their center. Only
student-investigator had an access to the database. The oral consent (Appendix 2-5) was

introduced and respondent’s consent obtained before starting the interviews.

Results

Of the 222 targeted parents, the student investigator was able to complete 106 telephone-based
interviews with parents of children with corrected CHD (both VVSD corrected through open-heart
surgery and PDA corrected either through open-heart surgery or catheter-based intervention),
and 108 telephone interviews were conducted with parents of children without CHD. There were

no refusals during telephone interviews. Accordingly, the student investigator was able to contact
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only 47.7% of the desired sample of those exposed. The student investigator failed to contact the
116 parents because of different reasons, including being out of country (N=6), the telephone

number was changed or wrong (N=110).
After the phone interviews, the medical records of the 214 children were reviewed.

In the final sample, the total number of children with corrected PDA was 37, out of which 24
underwent off-pump surgical correction and 13 - catheter-based intervention. In the VSD group,
the total number of children was 69, all of which underwent open-heart surgery with on-pump

machine.
Descriptive statistics

Tables 2-4 describe the main characteristics of the respondents (parents) and the children,
including child’s neurocognitive and hyperactivity scores, by the three comparison groups. When
comparing the corrected CHD and no CHD groups (Table 2), statistically significant differences
were observed in the means of the outcome variables, indicating that neurocognitive skills were
much lower in the group with CHD vs. no CHD: 23.3 (SD=7.8) vs. 41.5 (SD=2.9), respectively,
(p<.001). The mean hyperactivity score was higher in the CHD group (1.9 (SD=1.5)) compared
to the no CHD group (0.9 (SD=0.8)), (p<0.001). The mean age of the respondents in the group
with corrected CHD was 34.9 (SD=7.0), meanwhile in the group without CHD 33.2 (SD=5.2),
showing slight difference between the groups (p=.042). The respondents were mainly female,
95.2% vs. 99.1%, respectively, in the group with corrected CHD vs. no CHD (p=0.093). Of the
214 respondents, 202 were the mothers of the child aged 6-12 years, 5 - fathers, 6 - grandmothers
and one sister. In terms of the family size, those with corrected CHD had smaller families than

those without CHD (5.3 vs. 5.9; p=0.038). The educational level of parents of children with
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corrected CHD was generally lower than that of the parents of those without CHD (19.8% of
higher education vs. 45.3%; p<0.001). The family’s mean SES score among those with corrected
CHD was lower than that of those without CHD (3.9 vs.4.6; p<0.001). Child’s gender was found
to be statistically significantly different between the groups, since there were more females in the
corrected CHD group than in the no CHD group (58.1% vs. 42.6%; p=0.024). Among children
with corrected CHD, there were fewer cases of term births than among children without CHD
(85% vs. 98.1%; p<0.001). The general health status of children according to caregivers’ ratings
was poorer among those with corrected CHD vs. no CHD group (45.3% good vs. 73.1%;
p<0.001). It is noteworthy that there were no “poor” ratings of children’s health in neither group.
The proportion of children participating in studies other than the regular school was significantly
higher among those with corrected CHD than those without CHD (65.1% vs. 38.0%; p<0.001).
The children in the non-CHD group had slightly higher average grade point at school compared
to children in the CHD group (8.1 vs.7.5, p<0.001). The proportion of those being breastfed
within the first 24 hours after birth was higher) in the group with CHD vs. no CHD group (23.6%
vs. 10.2%; p=0.009). In terms of exposure to tobacco smoke, employment, marital status, child’s
age, chronic conditions, birth order, mode of delivery, frequency of getting sick, attendance of a
daycare facility, duration of any breastfeeding, and duration of exclusive breastfeeding, the

differences found were either marginally significant or insignificant.

When comparing the children with corrected PDA vs. those with corrected VSD (Table 3), the
neurocognitive score was much higher among those with corrected PDA, 28.6 (SD=5.6) vs. 20.3
(SD=7.4) in the group with corrected VSD, (p<.001). Children with corrected PDA and VSD did
not show significant difference in the hyperactivity scores (p=.201). The mean age of the

respondents was 33.3 (SD=5.6) in the PDA group and slightly higher, 36.0 (SD=7.6), in the VSD
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group (p=0.071). In the groups of PDA, the proportion of female respondents was higher than in
the VSD group, 86.5% and 100.0%, respectively, (p=0.002). In terms of the child’s exposure to
tobacco smoke (several days a week or more), children with corrected PDA were less exposed
than those with corrected VSD (18.1% vs. 45.4; p=0.008). There was statistically significant
difference in child’s gender, there were more females in the corrected PDA group vs. corrected
V/SD group (77.8% vs. 48.0%; p=0.003). The mean weight of the child at the time of
hospitalization was different between the groups and showed that those with corrected PDA had
much higher weight at the hospitalization than those with corrected VSD (13.0 kg vs. 9.39 kg;
p=0.003). The mean height (cm) of the child at the hospitalization also differed between the
groups, showing that children with corrected PDA were taller than those with corrected VSD
(90.1 vs. 75.9; p<0.001). Less children with corrected PDA received pharmaceutical treatment
before the correction than those with corrected VSD did (14.0 vs. 32.4; p=0.041). The mean
length of postoperative hospital stay was less among children with corrected PDA vs. the VSD
group (3.2 days vs. 10.5 days; p<0.001). The mean shunt gradient was higher in children with
corrected PDA than with corrected VSD (67.5 vs. 52.0; p=0.001). Higher oxygen saturation was
observed in children with corrected PDA vs. VSD (95.8 vs. 93.5; p=0.005). The participants with
corrected PDA were not significantly different from the participants with corrected VSD in terms
of the number of family members, education, employment, marital status, SES, child’s age,
chronic conditions, health status, birth order, gestational age of the child, mode of delivery,
frequency of getting sick, attendance of a daycare facility, participation in studies other than the
regular school, child’s grade point at school, timing of the first breastfeeding, duration of

exclusive breastfeeding, duration of any breastfeeding, age of the diagnoses of the heart defect,
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heart failure, pulmonary hypertension, postoperative complications, left ventricular diameter,

ejection fraction, and tricuspid valve peak gradient.

When comparing the groups of children operated on-pump versus off-pump (Table 4), those
from off-pump group had significantly higher scores of neurocognitive compared to the children
in the on-pump group (27.4 (SD=5.9) vs. 20.3 (SD=7.4), respectively), (p<0.01). The
hyperactivity score was similar among the groups (1.9 (SD=1.7) vs. 1.7 (SD=1.4)), (p=0.624).
The mean age of the caregivers whose children were operated off-pump was lower than those
whose children were operated on-pump, 32.5 (SD=3.8) vs. 35.9 (SD=7.6) years, (p=0.039). In
both groups, female respondents were more than males, however, in the off-pump group the
proportion of females was less than in the on-pump group (91.7 vs. 100.0; p=0.015). In terms of
exposure to tobacco smoke, children in off-pump group were less exposed compared to on-pump
group (18.2 vs. 45.5; p=0.023). Child’s gender was found to be statistically significantly
different between the groups: there were more females among off-pump group (87.0 vs. 48.0;
p=0.001). The postoperative hospital stay was shorter for on-pump group (4.4 vs. 10.5 days;
p=0.001). In terms of hemodynamic changes, the shunt gradient and oxygen saturation were
higher in children operated off-pump (64.0 (SD=52.0) and 95.6 (SD=1.6)) than those operated
on-pump (52.0 (SD=23.1) and 93.4 (SD=4.8)). The duration of any breastfeeding was longer in
off-pump group than in on-pump group (18.1(SD=10.4) vs. 11.5(SD=9.2); p=0.004). Children in
on-pump and off-pump groups were similar in terms of the number of family members,
respondent’s education, employment, marital status, family’s SES, child’s age, chronic
conditions, health status rating, birth order, birth term, mode of delivery, frequency of getting
sick, attendance of a daycare facility, participation in studies other than the regular school,

child’s grade point at school, timing of first breastfeeding, duration of exclusive breastfeeding,

26



age of the diagnoses of the heart defect, heart failure, pulmonary hypertension, postoperative
complications, weight/length of the child at the time of hospitalization, left ventricular diameter,

ejection fraction, and tricuspid valve peak gradient.
Bivariate analysis: simple linear regression

The results of the simple linear regression analyses showed that all the three main independent
variables (CHD vs. no CHD, PDA vs. VSD, off-pump vs. on-pump) were significantly
associated with the outcome variable of child’s neurocognitive score. Neurocognitive score was
significantly higher among those without CHD compared to CHD group, among PDA group

compared to VSD, and among off-pump group compared to on-pump (all p-values <0.001).

The groups with CHD and without CHD were also different in terms of hyperactivity score
(higher in the group with CHD, p<0.001). However, the groups with PDA vs. VSD and the off-
pump vs. on-pump groups were not statistically significantly different in hyperactivity score

(Tables 5-6).

When looking at the association between child’s characteristics and neurocognitive score, mode
of delivery (cesarean section), attendance of daycare facilities, pulmonary hypertension before
the correction of CHD, postoperative hospital stay, left ventricular diameter (moderately/severely
thickened), exclusive breastfeeding, and duration of breastfeeding showed a negative association.
Meanwhile, health status rating (very good/good), age of the child, participation of studies other
than regular school, grade point of a child at school, timing of first breastfeeding after birth
(within firth first 24 hours), ejection fraction, and oxygen saturation were positively associated

with the outcome variable (Table 5).
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The SLR indicated that respondent’s age, employment status, chronic conditions of the child,
child’s frequency of getting sick (once in a week/once in a month/once in two months),
attendance of daycare facilities, participation in studies other than regular school, timing of the
first breastfeeding after birth (within first 24 hours), and postoperative period hospital stay were
negatively associated with the hyperactivity score, while the number of family members,
exposure to tobacco smoke (more than several days a week), heart failure before the correction
of CHD, pulmonary hypertension before the correction of CHD, and left ventricular diameter

(moderately/severely) showed positive association with it (Table 6).
Multiple linear regression

All independent variables and covariates that showed statistically significant results or have p
value less than <0.25 in SLR were included in the Multiple Linear Regression (MLR). After
adding all the variables by sequence, variables that showed no significant association in the
model were excluded. Based on the fact that the study has two outcome variables and three

independent variables, consequently for each of them models were created.

The first model (Table 7) summarized MLR results with regard to neurocognitive skills and
corrected CHD vs. no CHD. In the final model, after adjusting for other significant covariates,
including respondents age, child’s age, attendance of a daycare facility, grade point of a child at
school, and the duration of breastfeeding, the results showed that having corrected CHD is
associated with -17.33 average decrease in neurocognitive score of a child (p<0.001) compared
to not having CHD. The R? of the regression analysis showed that the model explains 79.6% of

the variance of the dependent variable.
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The second model depicted the relation between child’s neurocognitive skills and corrected PDA
vs. VSD (Table 8). In the final model, after controlling for all the other significant covariates,
including respondent’s age, mode of delivery, child’s health status, attendance of a daycare
facility, and grade point of a child at school, the independent variable showed associated 6.85
point increase in the average neurocognitive score with having corrected PDA vs. corrected

VSD (p<0.001). The model explained 53.7% of the variance of the dependent variable.

The third model identified the relation between child’s neurocognitive skills and undergoing
surgical correction off-pump vs. on-pump (Table 9). The final model, after adjusting for the
significant covariates, including respondent’s age, child’s health status, mode of delivery,
attendance of a daycare facility, and pulmonary hypertension before the correction of CHD,
showed a positive association between off-/on-pump surgery and the dependent variable,
meaning that off-pump surgery, compared to on-pump surgery, increases the average
neurocognitive score by 5.18 (p<0.001). R?of the model showed that it explained 53.8% of the

variance of the dependent variable.

The association between hyperactivity and treated CHD versus no CHD showed that, after
adjusting for the significant covariates, including respondent’s age and child’s participation in
studies other than regular school, the associated increase in the average hyperactivity score with
having treated CHD was 0.66 (p<0.001). The model explained 14.5% of the variance of the
dependent variable (Table 10). It is worth to note that the two independent variables: PDA vs.
VSD, and off-pump vs. on-pump, both were not significantly associated with child’s

hyperactivity score, thus, no models for these associations were constructed.
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Discussion

The study aimed to evaluate the neurocognitive performance and hyperactivity of children aged
6-12 years with corrected PDA and VSD and compare it with the performance of children
without CHD. Also, the groups with PDA and VSD, and those who underwent open-heart
surgery off-pump and on-pump were compared in terms of neurocognitive outcomes. A cross-
sectional study design was utilized with several comparison groups to answer the study’s

research questions.

The current study’s first main finding was that neurocognitive development is related to child’s
CHD status with those with corrected CHD having delayed development that is consistent with
the literature?>2325-27:34 According to some studies aiming to identify an association between
CHD status and neurocognitive development, children with CHD are at high risk of delayed
neurobehavioral/neurocognitive development. The studies mainly suggested that early screenings
could enhance the opportunity to improve behavioral and cognitive functioning of these children

through appropriate therapies and educational programs?23:25-27:34,

Additionally, in this study, student investigator identified that hyperactivity is higher among
those with corrected CHD than among healthy children, which is consistent with the literature.
Different studies were done to identify whether or not there is an association between
hyperactivity and CHD status?®43%, Some studies identified that among children with corrected
CHD there is increased risk for hyperactivity when comparing with healthy controls?®. In
addition, it was shown that the risk of developing attention-deficit hyperactivity disorder is
higher mainly when reaching the school age®. Literature suggests to screen and continuously

evaluate children with corrected CHD for early detection of developmental disorders, so that
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timely interventions and programs for improving the development of these children could be

implemented?343:44,

Based on the fact that PDA and VSD have similar hemodynamic changes (communication with a
pediatric interventional cardiologist), these two CHDs were compared in terms of influencing
child’s further neurocognitive development. The results showed that those with corrected PDA
have better development than those with corrected VSD. The student-investigator found no

studies that looked at this association.

The present study identified that those who underwent CHD correction on-pump have poorer
neurocognitive outcomes than those who underwent it off-pump, which is consistent with the
literature. The literature reported that cognitive delays occur when the child is being operated
with the use of cardiopulmonary bypass machine (on-pump) and that the off-pump technique
seems to be promising for the elimination of the neurocognitive impairments®-*8. Only one study
showed no cognitive dysfunction after on-pump correction, but reduced neurobehavioral

outcome?.

This study identified several risk factors for child’s neurocognitive skills and hyperactivity. The
main known risk factors for the neurocognitive outcomes among children with corrected CHD
were classified in the literature as preoperative, perioperative/surgical and postoperative or
developmental variables?:%>4%32, These include family’s socioeconomic status, parent’s age and
gender, their educational level, marital status and employment, also child’s exposure to tobacco
smoke, the age at the diagnosis of CHD, co-existing chronic conditions, birth order, gestational
age, mode of delivery, duration of breastfeeding, weight and height of the child at the time of
hospitalization, length of postoperative hospital stay, postoperative complications and

hemodynamic changes?!2%3245,
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In the multiple linear regression models with the outcome of child’s neurocognitive and
hyperactivity scores, several factors other than child’s CHD status were identified as significant
predictors of child’s neurocognitive development, including respondent’s age, child’s age,
attendance of a daycare facility, grade point of a child at school, duration of breastfeeding and
participation in studies other than regular school. Some of these findings are consistent with the
literature. For example, based on a number of studies, poorer academic performance is one of the
most important findings among children with corrected CHD and those having pediatric heart
conditions?®464745 Qur study findings also showed that the grade point of a child at school is
associated with both the CHD status of a child and child’s neurocognitive performance. The
finding on the duration of breastfeeding being related to better neurocognitive development of a

child is also consistent with the literature*®-=°,

The severity of the CHD depends on the hemodynamic changes that are similar in cases of PDA
and VSD. Of the severity measures of CHD-related hemodynamic changes included in this
study, only pulmonary hypertension remained significant in the final linear regression model of
predictors of neurocognitive development among children with corrected PDA and VSD,
supporting the well-known fact from the literature that experiencing pulmonary hypertension is

associated with decreased neurocognitive development of a child?!2°,
Study strength and limitations

As the data collection was done by telephone interviews, this could introduce report bias. The
possible reasons for these could be parents’ inattentiveness to the signs of neurocognitive
development in children or caregivers could have been prone to misreporting the neurocognitive
outcomes of their children. Another limitation of the study was frequent inaccurate contact
information in the NMMC electronic database, which resulted in inability to contact 47.7% of
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the intended sample. Thus, selection bias might be the case, as those who were not contacted
might have different characteristics. In addition, some important data (e.g. birth weight and birth
length of the child that are known risk factors for child’s development®>?8) was often missing in
the medical record forms. Another limitation could be interviewer bias, since the student
investigator was not blinded to the child’s CHD status and could conduct interviews differently

for those having CHD vs. no CHD.

The study was conducted in a single centre. However, the results could still be generalizable for
the whole population, since NMMC is the only pediatric cardiac center in Armenia that deals
with surgical/invasive correction of congenital heart defects in children, which means that the

database of this center could provide data for entire Armenia.
Conclusions and recommendations

The study identified that children with corrected CHD have lower neurocognitive and higher
hyperactivity scores at the age of 6-12 years in comparison to children without CHD. Children
with corrected PDA have higher neurocognitive scores in comparison with children in VSD
group. In addition, children operated for CHD off-pump have higher neurocognitive scores in
comparison to those operated using on-pump machine. The latter two groups were not

statistically significantly different in terms of hyperactivity outcome in children.

According to the above-mentioned findings, the study suggests several recommendations for

policy makers, hospitals and schools, including:

e Designing special neurocognitive rehabilitation programs for children who undergo

correction of a congenital heart defect, either with open-heart surgery or catheter-based.
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Conducting further research with stronger prospective design, so that child’s
neurocognitive development is assessed both before and after the correction of the CHD

Developing educational/developmental programs for children with corrected CHD at

school to improve their neurocognitive outcomes.
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Table 1. Study variables by type and measure

Variable | Type Measure
Dependent
Neurocognitive score Continuous Numbers
Hyperactivity score Continuous Numbers
Independent
Corrected CHD vs. no CHD Binary 0- Corrected CHD
1- No CHD
Corrected PDA vs. corrected VSD Binary 0- Corrected PDA
1- Corrected VSD
Corrected PDA (off bypass Binary 0- Corrected PDA (off bypass
machine) or corrected VSD (on machine)
bypass machine) 1- Corrected VSD (on bypass
machine)
Intervening
Respondent’s characteristics
Age Continuous Numbers (years)
Number of family members Continuous Numbers
Gender Binary 0-Male
1-Female
Education Ordinal 0- School (less than 10
years)/school (10
years)/professional education(10-
13years)
1-Institute/university/postgraduate
Employment Dichotomous 0-Not employed/student/retired

1- Employed/self
employed/maternity leave

Marital status

Dichotomous

0- Single/divorced/widowed
1-Married

SES

Continuous

Numbers

Exposure to tobacco smoke

Dichotomous

0- Several days a month/once a
month or less/never
1- Every day/several days a
week

Child’s characteristics

Age Continuous Numbers (years)
Gender Binary 0-Male
1-Female
Chronic conditions Binary 0-No
1-Yes
Health status 0-Fair
1- Very good/good
Birth order Continuous Numbers
Gestational age of the child Binary 0-Term
1-Preterm
Mode of delivery Binary 0- Vaginal delivery

1- Cessarian section

Frequency of getting sick

Dichotomous

0- Once in three months/ once in
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Variable Type Measure
six months/once in a year/rarely
than once in a year
1-Once in a week/once in a
month/once in two months
Attendance of daycare facilities Binary 0-No
1-Yes
Participation of studies other than Binary 0-No
regular school 1-Yes
Grade point of a child at school Continuous Numbers
Timing of first breastfeeding after Dichotomous 0-Within first hour/within first 24
birth hour

1- After the first 24 hour/never

Duration of exclusive breastfeeding Continuous Numbers (months)
Duration of any breastfeeding Continuous Numbers (months)
Heart defect was diagnosed Continuous Numbers (months)
Weight of the child at the time of Continuous Numbers (kg)
hospitalization
Length of the child at the time of Continuous Numbers (cm)
hospitalization
Heart failure before correction Binary 0-No

1-Yes
Pulmonary hypertension before Binary 0-No
correction 1-Yes
Drug treatment before correction Binary 0-No

1-Yes
Postoperative period-hospital stay Continuous Numbers (days)
Postoperative period-complications Binary 0-No

1-Yes

Left ventricular diameter

Dichotomous

0- Normal/mildly thickened
1- Moderately/severely thickened

Ejection fraction Continuous Numbers (%)
Tricuspid valve peak gradient Continuous Numbers (mmHg)
Shunt gradient Continuous Numbers (mmHg)
Oxygen saturation Continuous Numbers (%)
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Table 2. Descriptive statistics: Neurocognitive development of 6-12
years old children with corrected congenital heart defect (CHD) vs. no

congenital heart defect

With CHD Without CHD
N| (n=106) (n=108) p-value

Neurocognitive score: mean (SD) 212 23.3(7.8) 415 (2.9) <.001
Attention skills: mean (SD) 213 7.3 (3.4) 16.8 (1.7) <.001
Memory skills: mean (SD) 214 5.3(2.5) 8.5 (0.9) <.001
Problem Solving skills: mean (SD) 214 4.8 (2.2) 8.2(0.9) <.001
Motor Functioning skills: mean (SD) 213 5.8 (2.4) 8.0 (1.0) <.001
Hyperactivity: mean (SD) 214 1.9 (1.5) 0.9 (0.8) <.001
Respondent’s characteristics
Age, mean (SD) 214 34.9(7.0) 33.2(5.2) .042
Number of family members, mean 214 5.3(1.6) 5.9 (2.2) .038
(SD)
Gender:

Female, % 207 95.2 99.1 .093
Education:

School (less than 10 years), % 5 4.7 0.0 <.001

School (10 years),% 23 15.1 6.6

Professional education(10-
13years),% 114 60.4 47.2

Institute/University, % 69 19.8 45.3

Postgraduate, % 1 0.0 0.9
Employment:

Employed/self 214 23.6 30.5 251

employed/maternity leave
Marital status:

Married, % 214 98.1 98.1 .985
Socioeconomic status score, mean 214 3.9(1.2 4.6 (0.9) <.001
(SD)
Exposure to tobacco smoke:

Every day/several days a 212 43.3 53.7 129

week, %
Child’s characteristics
Age, mean (SD) 8.8(2.1) 8.88 (2.2) 793
Gender: Female,% 107 58.1 42.6 .024
Chronic conditions

Yes,% 13.2 20.4 161

Health status:

Very good ,% 35 29.2 19.4 <.001
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With CHD Without CHD
N| (n=106) (n=108) p-value
Good ,% 127 45.3 73.1
Fair ,% 52 25.5 7.4
Birth order: mean (SD) 214 1.6 (0.7) 1.5(1.0) 489
Gestational age of the child
Term,% 196 85.0 98.1 <.001
Preterm,% 18 15.0 1.9
Mode of delivery
Vaginal delivery,% 187 85.8 88.9 .503
Cessarian section,% 27 14.2 111
Frequency of getting sick
Once in a week/once in a
month/once in two months,% 214 16.0 10.2 204
Attendance of daycare facilities
Yes.% 10 5.6 3.7 198
No,% 204 94.4 96.3
Participation in studies other than
regular school
Yes,% 104 65.1 38.0 <.001
Grade point of a child at school: <.001
mean(SD) 214 7.5 (0.8) 8.1 (0.4)
Timing of first breastfeeding after
birth:
Within first 24 hours/after 214 23.6 10.2 .009
the first 24 hours/never,%
Duration of exclusive breastfeeding, 206 4.3 (2.5) 4.5 (2.0) 571
mean (SD) (months)
Duration of any breastfeeding, mean 214 11.9 (9.9) 12.6 (9.6) .615

(SD) (months)
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Table 3. Descriptive statistics: Neurocognitive development of 6-12

years old children with corrected patent ductus arteriosus (PDA) vs.
corrected ventricular septal defect (VSD)

Corrected | Corrected
PDA VSD
N| (n=37) (n=69) p-value
Respondent’s characteristics
Age, mean (SD) 106 33.3(5.6) 36 (7.6) 071
Number of family members, mean (SD) 106 5.2(1.4) 5.4 (1.7) 458
Gender:
Female, % 101 86.5 100 .002
Education:
School (less than 10 years), % ) 5.4 4.3 129
School (10 years),% 16 16.2 14.5
Professional education(10- 64 59.5 61.0
13years),% 21 19.0 20.3
Institute/University, % 0 0.0 0.0
Postgraduate, %
Employment:
Employed/self employed/maternity 25 27.0 21.7 41
leave,%
Marital status:
Married,% 104 100.0 97.1 .296
SES, mean (SD) 106 4.1 (1.5) 3.8 (1.0) 248
Exposure to tobacco smoke:
Every day/several days a 36 18.1 455 .008
week, %
Child’s characteristics
Age, mean (SD) 106 9.2 (2.3) 8.6 (2.0) 12
Gender: Female,% 44 77.8 48.0 .003
Chronic conditions
Yes,% 14 11.0 14.5 594
No,% 92 89.2 85.5
Health status:
Very good % 27 24.3 26.1 080
Good % 48 46.0 45.0 :
Fair % 31 29.7 29.0
Birth order, mean (SD) 106 1.5(0.6) 1.7 (0.8) .100
Gestational age of the child:
Term,% 90 86.5 84.0 739
Preterm,% 16 135 16.0
Mode of delivery
Vaginal delivery,% 80 91.7 84.1 354
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Corrected | Corrected
PDA VSD
N| (n=37) (n=69) p-value
Cessarian section,% 13 8.3 15.9
Frequency of getting sick:
Once in a week/once in a
month/once in two months,% 17 135 17.4 604
Attendance of daycare facilities
ges,% 6 2.7 7.2 .335
No,% 100 97.3 92.7
Participation of studies other than regular
school
Yes,% 37 43.2 30.4 187
Grade point of a child at school; 106 7.7 (.7) 7.5 (.85) 277
Timing of first breastfeeding after birth
Within first 24 hours/after  the 25 16.2 275 191
first 24 hours/never,%
Child received only breast milk, mean (SD) 98 5.8 (3.1) 5.1(3.3) .336
(months)
Duration of breastfeeding, mean (SD) 105 14.8 (10.1) 11.5(9.2) .092
(months)
Time of diagnoses of the heart 106 14.9 (21.3) 8.4 (15.6) .077
defect(months), mean (SD)
Weight of the child at the time of 102 13.0 (5.6) 9.39 (5.65) .0028
hospitalization (kg), mean (SD)
Height of the child at the time of 101 90.1(20.6) 75.9 (19.1) <.001
hospitalization (cm), mean (SD)
Heart failure
0, % 1 2.7 0.0 630
I(A), % 75 70.3 71.0
1(B), % 18 13.5 18.8
1(C), % 10 8.7. 10.8
IV(D), % 2 2.7 1.4
Pulmonary hypertension
Yes,% 12 8.3 13.0 471
No,% 93 91.2 87.0
Pharmaceutical treatment before correction
Yes, % 27 14.0 32.4 .041
No, % 77 86.1 67.6
Length of postoperative hospital stay, mean 101 3.2(2.2) 10.5 (5.1) <.001
(SD) (months)
Postoperative complications 0.0 7.4
Yes, % 5 .095
No, % 99 100.0 92.6
Left ventricular diameter
Normal,% 15 14..0 14.7 .892
Mildly thickened,% 18 20.0 16.2
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Corrected | Corrected
PDA VSD
N| (n=37) (n=69) p-value

Moderately thickened,% 28 23.0 29.4

Severely thickened,% 42 43.0 39.7
Ejection fraction (%), mean (SD) 100 75.5 (7.3) 75.5 (73.5) 1.0
Tricuspid valve peak gradient (mmHg), 18 42.4 (24.9) 44.7 (26.3) .869
mean (SD)
Shunt gradient (mmHg), mean (SD) 95 67.5 (18.2) 52.0 (23.1) .001
Oxygen saturation (%), mean (SD) 103 95.8 (1.9) 93.5 (4.8) .005
Child’s neurocognitive skills
Neurocognitive score: mean (SD) 104 28.6 (5.6) 20.3 (7.4) <.001
Attention skills: mean (SD) 105 9.6 (2.7) 6.0 (3.0) <.001
Memory skills: mean (SD) 106 6.8 (1.9) 4.5 (2.4) <.001
Problem Solving skills: mean (SD) 106 5.6 (2.1) 45 (2.2) .013
Motor Functioning skills: mean (SD) 105 6.8 (1.5) 5.3 (2.6) .004
Hyperactivity: mean (SD) 106 2.1(1.6) 1.7 (1.5 201
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Table 4. Descriptive statistics: Neurocognitive development of 6-12
years old children with CHD corrected off-pump vs. on-pump

Off-pump | On-pump
N|  (n=24) (n=69) p-value
Respondent’s characteristics
Age, mean (SD) 92 32.5(3.8) 35.9 (7.6) .039
Number of family members, mean (SD) 93 5.3 (1.5) 5.4 (1.7) .790
Gender:
Female, % 91 91.7 100.0 .015
Education:
School (less than 10 years), % 5 8.3 4.3 995
School (10 years),% 14 16.7 145
Professional education(10- 55 54.1 61.0
13years),% 19 20.8 20.3
Institute/University, % 0 0.0 0.0
Postgraduate, %
Employment:
Employed/self employed/maternity 18 21.7 194 .809
leave,%
Marital status:
Married, % 91 100.0 97.1 .399
SES, mean (SD) 93 3.8(1.3) 3.8(1.0) .765
Exposure to tobacco smoke:
Every day/several days a 34 18.2 455 .023
week, %
Child’s characteristics
Age, mean (SD) 93 8.7 (2.1) 8.5(1.9) .761
Gender: Female,% 53 87.0 48.0 .001
Chronic conditions
Yes,% 13 12.5 14.5 .808
No,% 80 875 855
Health status:
Very good ,% 22 16.7 26.1 610
Good ,% 44 54.2 44.9
Fair ,% 27 29.2 29.0
Birth order: mean (SD) 93 1.5(0.6) 1.7 (0.8) 244
Gestational age of the child
Term,% 79 87.5 84.1 685
Preterm,% 14 125 15.9
Mode of delivery
Vaginal delivery,% 80 91.7 84.1 .354
Cessarian section,% 13 8.3 15.9
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Off-pump | On-pump
N| (n=24) (n=69) p-value
Frequency of getting sick
Once in a week/once in a
month/once in two months,% 15 125 17.4 575
Attendance of daycare facilities
Yes,% 6 4.2 1.2 597
No,% 87 95.8 92.7
Participation of studies other than regular
school
Yes. % 60 50.0 69.6 084
No,% 33 50.0 30.4
Grade point of a child at school 93 7.6 (.65) 7.5 (.85) 747
Timing of first breastfeeding after birth:
Within first 24 hours/after the 70 83.3 72.4 .288
first 24 hours/never,%
Duration of exclusive breastfeeding, mean 93 6.6 (2.9) 5.1(3.3) .066
(SD) (months)
Duration of any breastfeeding, mean (SD) 93 18.1 (10.4) 11.5(9.2) .004
(months)
Heart defect was diagnosed, mean (SD) 93 12.0 (20.0) 8.4 (15.6) .390
(months)
Weight of the child at the time of 90 11.3(8.9) 9.4 (8.1) 155
hospitalization (kg),mean (SD)
Length of the child at the time of 89| 83.7(19.6) 75.8 (19.1) .096
hospitalization (cm), mean (SD)
Heart failure before correction,
0,% 0 0.0 0.0 547
I(A) % 63 58.3 71.0
11(B) ,% 18 20.8 18.8
1(C) ,% 10 16.7 8.7
IV(D) ,% 2 4.2 1.4
Pulmonary hypertension before correction:
Yes,% 10 4.3 13.0 246
No,% 82 95.7 87.0
Drug treatment before correction:
Yes, % 26 17.4 324 170
No, % 65 82.6 67.6
Postoperative period-hospital stay, mean 88 4.4 (1.9) 10.5 (5.1) .001
(SD) (days)
Postoperative period-complications
Yes, % 5 0.0 7.4 181
No,% 86 100.0 92.6
Left ventricular diameter
Normal,% 11 4.3 14.7 420
Mildly thickened,% 16 21.7 16.2
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Off-pump | On-pump
N| (n=24) (n=69) p-value

Moderately thickened,% 25 21.7 29.4

Severely thickened,% 39 52.2 39.7
Ejection fraction (%), mean (SD) 89 74.6 (80.1) 75.5 (8.0) .664
Tricuspid valve peak gradient (mmHg), 17 46.7 (26.4) 44.7 (26.3) .893
mean (SD)
Shunt gradient (mmHg), mean (SD) 83 64.0 (52.0) 52.0 (23.1) .038
Oxygen saturation (%), mean (SD) 90 95.6 (1.6) 93.4 (4.8) .035
Child’s neurocognitive skills
Neurocognitive score: mean (SD) 92 274 (5.9) 20.3(7.4) <.001
Attention skills: mean (SD) 92 9.0 (2.7) 6.0 (3.1) <.001
Memory skills: mean (SD) 93 6.5 (2.2) 4.5 (2.4) <.001
Problem Solving skills: mean (SD) 93 51(2.2) 45 (2.2) .207
Motor Functioning skills: mean (SD) 92 6.8 (1.5) 5.3(2.6) .012
Hyperactivity: mean (SD) 93 19(1.7) 1.7 (1.4) .624
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Table 5. Bivariate linear regression analysis between neurocognitive
score (dependent variable) and covariates

Variable Coefficient p-value Cl (95%)
Independent variables

Corrected PDA(catheter-based and surgical) 8.25 <.001 (5.4; 11.02)
vs. corrected VSD

Off-pump vs. on-pump 7.03 <.001 (3.7; 10.35)
Corrected CHD vs. CHD -18.26 <.001 | (-19.86;-16.67)
Respondent’s characteristics

Age -0.41 .001 (-.64; -.17)
Number of family members 0.64 .089 (-.09; 1.38)
Education: school(less than 10 -4.96 .002 (-8.0; -1.92)
years)/school(10 years)/professional

education(10-13 years)

SES -3.52 <.001 (2.32; 4.73)
Exposure to tobacco smoke: every day/several -2.39 113 (-.57; 5.35)
days a week

Child’s characteristics

Age 0.42 218 (-.25; 1.10)
Health status: very good/good 4.69 .007 (1.32; 8.07)
Mode of delivery: cesarean section -4.40 .065 (-8.79; -.01)
Frequency of getting sick: once in a -3.67 .096 (-8.01; .65)
week/once in a month/once in two months

Attendance of daycare facilities: yes -13.83 <.001 | (-20.54; -7.13)
Participation of studies other than regular 6.71 <.001 (3.90; 9.53)
school: Yes

Grade point of a child at school 7.25 <.001 (5.34; 9.16)
Timing of first breastfeeding after birth: 11.65 003 | (4.06;19.23)
within firth hour/within first 24 hour

Child received only breast milk -0.07 161 (-.16 ; .02)
Duration of breastfeeding -0.08 073 (-.16; .01)
Heart failure before the correction of CHD: -8.76 <.001 (-9.94; -7.59)
Yes

Pulmonary hypertension before the correction -14.14 <.001 | (-20.23;-8.04)
of CHD: Yes

Postoperative period hospital stay -0.37 .007 (-.64 ; -.10)
Left ventricular diameter: moderately/severely -14.23 <.001 | (-16.72;-11.74)
thickened

Ejection fraction 0.20 .060 (-.01; .40)
Shunt gradient (mmHQ) 0.08 021 (.01; .15)
Oxygen saturation (%) 0.34 .065 (-.02;.71)
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Table 6. Bivariate linear regression analysis between hyperactivity score
(dependent variable) and covariates

Variable | Coefficient | p-value Cl (95%)
Independent variables

Corrected CHD vs. no CHD | 0.67 | <.001| (.30;1.04)
Respondent’s characteristics

Age -0.05 .001 (-.08 ; -.02)
Number of family members 0.06 .165 (-.03; .16)
Employment: yes -0.43 .055 (-.87; .01)
Exposure to tobacco smoke: every 0.33 .086 (-.04;.71)
day/several days a week

Child’s characteristics

Chronic conditions: yes -0.51 .046 (-1.01; -.01)
Frequency of getting sick: once in a -0.37 193 (-.93; .19)
week/once in a month/once in two months

Attendance of daycare facilities: yes -0.56 217 (-1.46; .33)
Participation of studies other than regular -0.63 .001 (-1.0; -.26)
school: yes

Timing of first breastfeeding after birth: -0.63 248 | (-1.69 ; .438)
within firth hour/within first 24 hour

Heart failure before the correction of CHD: 0.32 .003 (.10; .53)
yes

Pulmonary hypertension before the 0.69 136 (-.22; 1.61)
correction of CHD: yes

Postoperative period hospital stay -0.03 191 (-.09; .018)
Postoperative period-complications 0.91 195 (-.47 ; 2.29)
Left ventricular diameter: 0.73 <.001 (:33; 1.12)
moderately/severely
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Table 7. Multiple linear regression model of determinants of
neurocognitive development among 6-12 years old children with
(n=106) or without (n=108) corrected CHD

Variable | Coefficient | p-value | Cl (95%) R?
Independent variables

Corrected CHD vs. no CHD -17.33 <.001 | (-18.85; -15.81) 0.796
Respondents age -0.16 .006 (-.28; -.05)

Child’s age 0.34 .035 (.02; .66)

Attendance of daycare facilities: Yes -10.24 <.001 (-13.57; -6.91)

Grade point of a child at school 1.69 .003 (.58; 2.79)

Duration of breastfeeding (months) 0.06 .006 (.02; .11)

Table 8. Multiple linear regression model of determinants of
neurocognitive development among 6-12 years old children with
corrected PDA (n=37) or VSD (n=69)

Variable | Coefficient | p-value | CI(95%) R?

Independent variables

Corrected PDA(catheter-based and surgical) 6.85 <.001| (4.53; 9.16) 537
vs. VSD

Respondent’s Age -0.16 042 | (-.32;-.01)

Mode of delivery: cesarean section -3.58 .022 | (-6.63;-.52)
Attendance of daycare facilities: Yes -12.71 <.001 | (-17.40; -8.02)

Grade point of a child at school 1.64 022 | (.24; 3.04)

Table 9. Multiple linear regression model of determinant of
neurocognitive development among 6-12 years old children with CHD
corrected via off-pump (n=24) or on-pump (n=69) open-heart surgery
Variable | Coefficient | p-value | CI(95%) R?
Independent variables

Corrected PDA(off bypass machine) vs. 5.18 <.001 | (2.53;7.84) 0.538
VSD(on bypass machine)

Age -0.24 .007 | (-.40; -.06)

Health status: very good/good 3.49 008 | (.94; 6.04)

Mode of delivery: cesarean section -4.09 014 | (-7.34;-.85)

Attendance of daycare facilities: Yes -11.77 <.001 | (-16.47;-7.08)

Pulmonary hypertension before the -3.69 .049 | (-7.36; -.01)

correction of CHD: yes
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Table 10 Multiple linear regression model of determinants of
hyperactivity among 6-12 years old children with corrected CHD or no

CHD

Variable | Coefficient | p-value | CI(95%) R?
Independent variables

Corrected CHD vs. no CHD 0.66 001 | (.29;1.03) 0.145
Respondent’s age -0.05 <.001 | (-.08; -.02)
Participation of studies other than regular -0.41 028 | (-.78;-.04)

school
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Appendix 1. Summary table of studies on neurocognitive skills among

children with CHDs
Study Objective Exposure | Comparison Age Instrument Results
Group Group Category Used
Hovels-Glrich To assess Tetralogy of Healthy children 5-10 Kiphard and Risk for long-term
HH et al? neurodevelopmental | Fallot and Schilling Body neurodevelopmental
status and exercise | hypoxemia- Coordination Test- | development is related
capacity of children | N=20, motor quotient to the outcome of
after corrective Ventricular perioperative
surgery Septal Defect Kaufman management
(VSD) and Assessment Battery
cardiac for children (K-
insufficiency- ABC)- intelligence
N=20 quotient
A.W.Spijkerboer | Long-term parent- Atrial Septal - 7-17 Child Behavior Cardiac medication
et al® reported behavioral | Defect Checklist —parental | before therapeutic
and emotional (ASD),VSD, report, intervention had
problems in Transposition General Health significant outcome
children, of the Great Questionnaire regarding long-term
relationship Arteries behavioral and
between parental (TGA), emotional problems in
psychological Pulmonary the defined age
distress and parental | Stenosis (PS), category of children
reports on problems | (N=125)
in children
M. Miatton et Assessing cognitive | Patients with Healthy Controls | 6-12 Hollingshead Four | Children with
alk* profile of children Congenital (N=43) Factor Index of surgically corrected
Heart Social Status for CHD are at risk of
Defect(CHD) SOCIECONOMIC | developing
(N=43) STATUS, neurobehavioral
short form of outcome as compared
Wechsler to healthy controls
Intelligence Scale
for Children-3 NL
(WISC-3 NL),
NEPS-
developmental
neuropsychological
assessment battery
L. Sarrechia et Assessment of Patients with Healthy Controls | 6-12 WISC-3 NL,- No difference between

a|24

neuropsychological
and behavioral
profiles

ASD (N=48)

intelligence scale,
Developmental
neuropsychological
assessment, Dutch
version,-
developmental
neuropsychological
test battery,
Achenberg Child
Behavior Checklist
for children -
parental

treatment with
catheterization or
surgery.
Neuropsychological
difficulties are more
frequent in children
with ASD, compared
with healthy controls.
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M. Rhein et al?® | Risk for an adverse | N=117 - Mean age of | Intelligence= Postoperatively
neurodevelopmental | Children with 10.4 Raven’s children are at high
outcomes CHD Progressive risk of delayed

Matrices neurobehavioral
Neuromotor = development
Zurich Neuromotor

Assessment

AW, To assess Children with Reference group | 7-17 Child Behavior Higher level of

Spijkerboer?? behavioral and CHD (N=125) (healthy) Checklist — Parental | emotional and
emotional problems questionnaire(7-17) | behavioral problems

Youth self report are encountered in the

(11-17) exposure group,
especially in male
patients

A. Assess risk factors Children who 5-10 Parents and Children are at higher

Shillingford® for problems with underwent teachers completed | risk of inattention and
inattention and cardiac questionnaires hyperactivity and half
hyperactivity, as surgery for using special remedial
well as the use of complex CHD Severity of school servicers
remedial school (N=109) hyperactivity and
services inattention-

ASHDR Scale 4
and Behavior
assessment for
children

M. Miatton et cognitive skills of CHD (N=43) Healthy controls 6-12 Questionnaire on Children with CHD

al® their children with a (N=43) cognitive skills- showed

surgically corrected
CHD

parental report

neurocognitive deficit
in comparison with
healthy controls
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Appendix 2. Consent form for the exposed group (English version)
American University of Armenia
School of Public Health
Institutional Review Board #1
Consent form for exposed group
Neurocognitive Development of Children with Corrected Congenital Heart Defect: A
Cross-sectional Study

Hello, my name is Tatevik. | am a graduate student of the Master of Public Health program of
the School of Public Health at the American University of Armenia. With Nork Marash Medical
center, we are conducting a study to explore cognitive skills (attention, memory, problem
solving, motor functioning and hyperactivity) of children aged 6-12 years.

Your phone number was taken from the database of NMMC to invite you to participate in this
study. This study will include patients who were operated for congenital heart defect during 2002
and 2008 and currently are in the age of 6-12 years. You will be one of approximately 222
participants whose child was operated for congenital heart defect.

Participating only involves this one interview and it is anticipated to take 20 minutes to complete
the interview. The information provided by you is fully confidential and will be used only for the
study purposes. Your answers will be summarized with other participant’s answers and no
personal information will be introduced in relation to the project your contact information will be
destroyed upon the completion of data collection. If you do not mind, I will also collect some
information from your medical records.

Your participation in this study is voluntary. There is no penalty if you refuse to participate in
this study. You can skip any questions you do not want to answer. You also may stop the
interview any moment you want.

Your participation in the study poses no risk for you. There is no direct benefit from the
participation in this study, but your participation will contribute to better understanding of the
cognitive skills of children aged 6-12 years who underwent a procedure of correction of
congenital heart defect.

If you have any questions regarding this study you can contact the Principal Investigator-Anahit
Demirchyan with the phone number (+37460) 61 25 62. If you feel you have not been treated
fairly or think you have been hurt by joining the study you should contact Dr. Kristina Akopyan,
the Human Subject Protection Administrator of the American University of Armenia (37460) 61
25 61.

Do you agree to participate? (Yes or No)

Thank you. Shall we continue?
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Appendix 3. Consent form for the exposed group (Armenian version)

Zuywuinwih Udkphljjut Zudwjuupub
Zutpujhtt wenpowwywhnipjub pudhu
Ghunnwhbnwugnuuljub Ephljugh phy 1 hwtdtuwdnnny
Ppuqkl hwdwdwjinipyub Al

Ghunuljgujutt hdnnmpniutbph qupqugnidp wyt GpEjuwttph dnwn, ndpkp
Jhpwhwwnyt) Et Upnh Fawshu Upwwnny

Puplh Qkq, hd wlniup Swplbhl L Gu unynpnud Bl Zwjwuwnwih wdbkphljjut
hudwjuwpwith Zwtpuhtt wnnpewuwhnipjut ulnyntnh wdupunwlub Ynipunid:
Utup hpwlwbwgunid tup hbnnugnuinipinit Lnpp Uwpwy pdojuljut jEunpnuh hkn
hudwwntny, nph twwunwlt E numdbwuhpl] ghnujguljutt hdnnipnibubph

dwjuppuljp  (pwunpmipnit, hhonnnipinit, juunhpubph nwsdwt jupnnnipintd,
owipdnnujut pniuljghw, gkpuljnhynipini) 6-12 nmuptljwb tphjuwubph dnwn:

Qbtp  hhpwpinuwhwdwpp Jbpgl; £ QGp Ephluugh Unpp Uwpuwy £Y-h
wlltnwihg, npytugqh QLq hpwdhpbip dwubtwlghint wyju hbnwgnunipjutp: Uju
htwnwgnuinipniup tkpunkint £ Epuwpupwutphi, nyptp yhpwhunydty Eu 2002-hg 2008
pPPR-h pupugpmid upinh ptwshtt wpwwnh juyuwlygnipjudp b hhudw quynid tu 6-12
nwpbjuwiunid: Fnip dnnuwynpuybu 222 dwubwlhgutphg dbklu Ep, mud Gphkluwb
Jhpwhwwnyt) £ Unpp Uwpuwy FY-nid upnp phwshtt wmpunh juwyulgnipjudp

Qbtp dwubwlgnipiniup vwhdwtwthwlynd £ dhuytt unyt hwpgwuqpnygny, npp
Junlh dnnn 20 pnwk: Qbp Ynnuhg mpudwunpus wdjujubpp qununih B yuwhybnt b
oqnugnpsytnt Eu dhuytt hknwgnunipjutt tyuunwlny: ALEp gquuuwupwutbpp
ypunhwpugdtu djniu dwubwlhgubiph wwunwupiwttph htnn @ ny vh whdbwlub
wnbnklnipnit sh ubpjujugyh htnnwgnunipjut qhynigutpnid: Gph nbd skp, tu Akp
Epkjuwgh hhywtnnipyut pupwinhg npny mbntnipniuutp jytpgubd:

Qbtp dwubwljgnipniut wyju hknwgnunipjutp judwynp b QLq nshus sh
uyununid, kpt hpwdwupytp dwubwlgh] wju hEnmwgnunipjutp: nip Jupnn tp

bpwdwpdb] wunwupwil] guuljugus hwpgh jud guwuljuguws wwhh punhwnb
hupguqpnygp:
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Qbp dwubwlgnipiniip wju hbnnwgnuumipjuiup npbk Juuubg sh wpuyugunid
Qtq hwdwpn: nip skp unwbtiwnt nplk $htwbivwlutt hwinnignid jud wwupghwwnpnid
wju  hknwgnunipjuip dwubwlghint  phypnid,  uwwluyt  QbEp wblbns
wuunwupwiuibpp Yoqubkt wykih jwy hwulwbw] ghnwlyguljut hdnnipmnibiubph
qupquguut dwljupnuyp upnh phwsht wpunh juyulygnipyudp yhpwhungws 6-
12 muptljwb Epkjowutph dnwn :

Uju hbknwgnuunipjut Jhpwpbpu) hwpgbp ntbbwnt phypnid Jupnn Gp
quiquhwph) hknwgninnipjut hwdwlupgnnhtt' Ghwhhn Mdhp&uiihh, (+37460) 61
25 62 htnwjunuwhwdwpny: Gptk Tnip Jupsdnid tp, np Qkq juy skt Jhpupkpyt) jud
wju  htnwgnunipjuip dwubwlgmpmiip REq Juwu £ hwugpl), Jupnn Gp
quiuquhwpl] Zujwunwith wdbphljjut hwdwjuwpwth Ephluwh hwtdbuwdnnnygh
pwpuiniqup Lphunhbiw Zwlnpjuth (37460) 61 25 61 hinwjunuwhwdwpny:

Zudwaw Ji bp dwubulghy (wyn Jud ns):
Cunphwljunipnii:

Yupn'n kup swpnibulyby:
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Appendix 4. Consent form for the comparison group (English version)

American University of Armenia
School of Public Health
Institutional Review Board #1
Consent form for comparison group
Neurocognitive Development of Children with Corrected Congenital Heart Defect: A
Cross-sectional Study

Hello, my name is Tatevik. | am a student in the Master of Public Health program of the School
of Public Health at the American University of Armenia. We are conducting with Nork Marash
Medical center a study to explore cognitive skills (attention, memory, problem solving, motor
functioning and hyperactivity) of children aged 6-12 years.

Your phone number was taken from the medical records of NMMC, since you have visited this
center with your child and we would like to invite you to participate in this study. This study will
include those who visited this center during January 1 to February 28, 2015. You will be one of
approximately 222 participants whose child currently is in the age of 6-12 years.

Participating only involves this one interview and it is anticipated to take 20minutes to complete
the interview. The information provided by you is fully confidential and will be used only for the
study purposes. Your answers will be summarized with other participant’s answers and no
personal information will be introduced in relation to this project. If you do not mind, I will also
collect some information from your child’s medical records.

Your participation in this study is voluntary. There is no penalty if you refuse to participate in
this study. You can skip any questions you do not want to answer. You also may stop the
interview any moment you want.

Your participation in the study poses no risk for you. There is no direct benefit from the
participation in this study, but your participation will contribute to better understanding of the
cognitive skills of children aged 6-12 years. Your contact information will be destroyed upon the
completion of data collection.

If you have any questions regarding this study you can contact the Principal Investigator —Anahit
Demirchyan with the phone number (+37460) 61 25 62. If you feel you have not been treated
fairly or think you have been hurt by joining the study you should contact Dr. Kristina Akopyan,
the Human Subject Protection Administrator of the American University of Armenia (37460) 61
25 61.

Do you agree to participate? (Yes or no)

Thank you. Shall we continue?
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Appendix 5. Consent form for the comparison group (Armenian version)
Zuywunwih Udkphjjut Zudwjuupub

Zuupuwyhtt wpnnowwwhnipjut pudh
Ghunwhbnwgnunuljub Ephljugh phy 1 hwtduwdnnny
Ppuqtl hwdwdwjunipjut A

Ghunuljgujutt hdnnipniuttph qupgqugnidp wyt tpEluwttph dnwn, npkp
Jhpwhwwnyt] Et Upnh fuwsht Upwuwnny

Puplh Qkq, hd wlniup Swplbhl L Gu unynpnud Bl Zwjwuwnwih wdbkphljjut
hwdwjuwpwih Zubpwjhtt wpnpewwwhnipjut dwlnyynbnh wjupunwlub Ynipunid:
Utkup hpwlwbwgunid Gup hbnnugnunnipinit LUnpp Uwpwy pdojuljut jhunpnuh hkwn
hwdwwnbn, nph twwunwlhtt b nmunmdbwuhpl] ghnwlguljut hdnnipnibiubph

dwjuppulp (nupwnpnipinil, hhonnnipinit, punhpubph msdwt Jupnnnipintd,
owipdnnujut nitulghw, gipuljnhynipinit) 6-12 mupkljub tptjuwutph dnwn:

Qbtp htinwinuwhwdwpp Jipgdk] £ Lnpp Uwpwy £Y-hg, pwtth np knip 2kp
tptjuwgh htwn wyglil) Gp wyn YEunpnup b dnip hpudhpgwsé Ep dwubwlglint wju
htwnwgnuinipjuip: Uju hbknwgnuinipniip thpuntint £ wytt Gpupuwtbpht, ndpbp
wyghi] B wyu YEuwnpnup Zniuquph 1-hg dhtsh dtunpduph 28,2015 p-p: Inip
Unnnwynpuwtiu 222 dwutwljhgutphg by tp, nud Epkjuwt hhdw qunignid Bu 6-12
nwpbkijuwunid:

Qbtp dwubwlygnipiniup vwhdwiwthwlynud E dhuytt unyt hwpguqpniygny, npp
Julih Unwnn 20 pnwk: Qtp Ynnuhg mpudwunpus wdjuutpp qununih o wuwhybnt b
oqnnuugnpéytint k. dhuytt hbEnmwgnunipjut tyuwwnwlnyg: ALp guunwupwiibpp
ypunhwpugdtu dniu dwubwlhgubiph ywunwuppwtbtph htn b ny dh whdbwlub
wnbnklnipnit sh ukpfuyugyh htnnwgnunipjut qbynmigutipnid: Gph ntd skp, tu Akp
tpkjuwgh hhywinnmipjut pwpwinhg npny mbnknipniuutp jytpgubd:

Qbtp dwubwljgnipniut wyju hknwgnunipjutp judwynp b QLq nshus sh
uyuninid, kplk hpwdwupytp dwubwlgh] wyu hbnmwgnunipjutp: Inip upnn bp

hpwdwpyt] wuwunwupwil] guujugus hwpgh jud guujugus wwhh punhwwnby
hwpguqpnygp:
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Qbp dwubwljgnipniip wju hbnnwgnuumipjuiup nplk Juuutqg sh wpuyugunid
Qtq hwdwpn: nip skp unwbtiwnt nplk $htwbivwlutt hwinnignid jud wwupghwwnpnid
htwnwgnunnipyuip dwutwlghnt ghiwypnud, vwjuyt Ep wiljtins yuunwupwuubpp
lJoqukt hpwljwbwgt] wju hknmwgnunipiniup, npp pny; jrnw wybih jwy hwuluwbug
ghnnujguljmtt  hdnmpmniutiph qupqugdut  dwluwppulp  6-12  wwpkljub
tptjpwutph dnwn: Uju hbnwgnumipjut Jtpupbpu) hwpgbip nitbbbwnt phuypnid
Jupnn kp quiquhwpk] hbnwgnuumpjub hwdwljupgnnhlt' Ghwhhn Yedhpduihi,

(+37460) 61 25 62 htnwjunuwhwdwpny: Gptk Mnip Jupdnwd btp, np Qq quy sku
Jbpwpkpdt] jud wju hbnwgnunipjutp dwubwlgnipmniip QEq Juwu £ hwugpky,
Jupnn bp qubuqwhwpl] Zwjuwunwih wdbphljjut hwdwjuupwth Ephlugh
hwudtwdnnnyh pwpuniqup Lphunhtm Zwlnpuuht  (37460) 61 25 61
htnwhinuwhwdwpny:

Zudwaw Ji bp dwubulghy (wyn Jud ns):
Cunphwljunipnii:

Yupn'n kup swpnibulyby:
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Appendix 6. Medical record review form

1. Child’sID 2. Date | |
dd/mm/yy
3. Phone number
4. Child’s birth 1 5. Child’s gender 1. Male
date dd/mm/yy 2. Female
6. Residency of the child (family) 1. Yerevan 3. City/Village
2. Marz
7. Weight of the child at | 8. Weight of the child at | 9. Length of the | 10. Length of the
birth the time of child at birth child at the time
(kg) hospitalization (cm) of
(kg) hospitalization
(cm)
11. Child’s Heart Defect 1. PDA 2. VSD
12. Concomitant diseases 1. Yes 2. No
13. Type of correction 1. Open heart surgery 2. Catheterization
14. Date of surgery/intervention Y
dd/mml/yy
15. Outcome 1. Recovery 3. Unchangeable
2. Improvement
16. Heart failure (NYHA/ROSS) before | 1. 0 (A) 3. 11(C)
the correction of CHD 2. 1(B) 4. V(D)
17. Pulmonary hypertension before the [ 1. Yes 2. No
correction of CHD
18. Drug treatment before the correction a. Yes
of CHD a) (Name) D) (Name)
(Dosage) (Dosage)
(Duration in days) (Duration in
days)
b. No
19. The postoperative period-
hospital stay
(days)
20. The postoperative period- 1. Yes 2. No

complications

21. M- Mode echocardiography data
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1. Left Ventrucule Diameter
Diastole

(mm)__

1. Normal

2. Mildly thikened

3. Moderately thickened
4. Severely thickened

2. Ejection fraction

(%)
22. Tricuspid Valve Peak gradient (Systole) 23. Regurge
mmHg °
24. Shunt gradient
mmHg

25. Oxygen Saturation

minute
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Appendix 7. Questionnaire (English version)

1. Child’sID__ 2. Starttime _ : 3. Date /| [
hh/mm dd/mml/yy
Section # 1
4. What is your relationship to the child? | 1. Mother
2. Father
3. Other caregiver
5. Who is the main caregiver of the child? | 1. Mother
2. Other Caregiver
6. What is your child’s birth order? 1. First 3. Third
2. Second 4. Other (specify)
7. Was the child born term or preterm? 1. Term 3. Do not know
2. Preterm
8. What was the mode of delivery of the 1. Vaginal 3. Do not know
child? delievery
2. Cessarian
Section
9. When the child was breastfed after 1. Within first hour 4. Never
birth? 2. Within first 24 hours 5. Don’t
3. After the first 24 hours remember

10. How long the child received only breast

milk (no water, no other liquids)?

(months)

88. Do not know/Do not remember

11. Overall, how long the child was

breastfed?

(months)

88. Do not know/Do not remember

Section # 2
(Skip this section for mothers of comparison
group children)

Introductory section

12. What was your child’s heart defect

1. Patent Ductus

Arteriosus (PDA)

2. Ventricular Septal

Defect (VSD)

13. At what age your child’s heart defect
was diagnosed?

(months)

14. What type of correction of the heart
defect was applied?

1. Open heart surgery 2.

Catheter-based
procedure

15. Was the child hospitalized again after
the correction of the heart defect for
the same condition?

1. Yes (how many

times )

2.

No

Section # 3

Health Status of the child
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16. How would you describe the health 1. Very good 4. Poor
status of the child during the last 30 2. Good 5. Very Poor
days? 3. Fair
17. Have you ever been told by a doctor 3. Yes 2. No (Go to question
that your child has any chronic health 23)
problems? (For cases add “other than
heart defect”)
18. Could you specify what type of chronic | 1. Asthma 5. Mental illnesses
health problem your child has? 2. Cystic fibrosis 6. Other (specify)
3. Diabetes
4. Malnutrition
19. In average, how often does the child get | 1. Once in a week 5. Once in six months
sick? 2. Once in a month 6. Once in a year
3. Once in two months 7. Rarely than once in a
4. Once in three months year
8. Other
20. Have you ever been told by a doctor 1. Yes 2. No
that your child has anemia? 3. Do not know
21. Does your child take any medication 1. Yes (specify) 2. No
regularly? 3. Do not know

Section # 4 Activities of the Child

22. Does your child attend any daycare 1. Yes 2. No (Go to question
facility? 28)

23. What type of daycare facility the child
attends?

24. Does your child participate in studies 1. Yes 2. No (Go to question

other than the regular school?

30)

25. What type of studies?

26. In average, what grade point your child
receives at school?

Section #5 Smoking Habits

27. Have you ever smoked tobacco? 1. Yes 2. No( Go to question
34)

ASK IF THE RESPONDENT IS THE 1. Never 4. Several days a week

MOTHER.
28. How often did you smoke when
pregnant with this child?

2. Once a month or less
3. Several days a month

5. Every day
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29.

Do you currently smoke tobacco?

1. Daily
2. Less than daily

3. Not at all

30.

How many of your household members
currently smoke?

31.

How often do people smoke in the
same room where your child is
present?

1. Every day
2. Several days a week

3. Several days a month

4. Once a month or less
5. Never
6. Do not know

32.

After your child was born, has anyone
living in this household ever drunk 5
or more portions of any kind of
alcoholic beverage almost every day
(e.g. 5 glasses of wine; 5 cans/bottles of
beer; 5 shots of brandy, vodka or
liquor)?

1. Yes

2. No
3. Do not know

Section # 6

Questions on Cognitive Skills of the Child

ATTENTION

Note: Please, indicate how often your child has problems like the ones I will now describe.

33. My child has problems keeping | 1. Never 3. Mostly
attention focused for a long time | 2. Sometimes 4. Always
(ex. when watching television or
playing games)

34. My child has problems 1. Never 3. Mostly
sustaining mental work (ex. 2. Sometimes 4. Always
when studying)

35. To perform well, my child hasto | 1. Never 3. Mostly
work slower than peers do. 2. Sometimes 4. Always

36. My child has problems doing | 1. Never 3. Mostly
two tasks simultaneously 2. Sometimes 4. Always

37. My child is highly distractible. 1. Never 3. Mostly

2. Sometimes 4. Always

38. My child reacts slower to|1. Never 3. Mostly
guestions or situations than | 2. Sometimes 4. Always
peers.

MEMORY

39. My child is forgetful (ex. forgets | 1. Never 3. Mostly
to do homework, forgets |2. Sometimes 4. Always
necessary school materials)

40. My child cannot remember | 1. Never 3. Mostly
certain events or assignments 2. Sometimes 4. Always

41. My child has problems learning | 1. Never 3. Mostly
new information 2. Sometimes 4. Always

PROBLEM SOLVING
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42. My child has problems planning | 1. Never 3. Mostly
activities 2. Sometimes 4. Always

43. My child has problems with | 1. Never 3. Mostly
decision making 2. Sometimes 4. Always

44. When a task demands multiple | 1. Never 3. Mostly
steps, my child has problems | 2. Sometimes 4. Always
determining the order of the
steps

Motor functioning

45. The handwriting of my child is | 1. Never 3. Mostly
less legibly than that of peers 2. Sometimes 4. Always

46. My child has problems with fine | 1. Never 3. Mostly
motor tasks (ex. cutting straight, | 2. Sometimes 4. Always
coloring, threading beads)

47. My child has problems with | 1. Never 3. Mostly
gross motor  tasks (ex. | 2. Sometimes 4. Always
swimming, running, gymnastics)

Hyperactivity

48. My child has difficulty 1. Not true 2. Sometimes true
concentrating or paying 3. Often true
attention

49. My child is easily confused or 1. Not true 2. Sometimes true
seems to be in a fog 3. Often true

50. My child is impulsive or acts 1. Not true 2. Sometimes true
without thinking 3. Often true

51. My child has a lot of difficulty 1. Not true 2. Sometimes true
getting his/her mind off certain 3. Often true
thoughts

52. My child is restless or overly 1. Not true 2. Sometimes true
active and cannot sit skill 3. Often true

Section # 7

Socio-Demographic Characteristics of the Respondent

53. Gender of the respondent

DO NOT READ

1.Male 2. Female

54. How old are you?

(completed years)

55. What is your marital status? 1. Married 3. Widowed

2. Separated/Divorced 4. Single
Ask if the respondent is other 1. Married 3. Widowed
caregiver of the child rather than 2. Separated/Divorced 4. Single
parents
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56.

What is the marital status of the
child’s parents?

S7.

How many members live in

58. How many children

your household? live in your
household?

59. Indicate the highest level of 1. School (less than 10 years) 4. Institute/University
education that you have 2. School (10 years) 5. Postgraduate
completed: 3. Professional education

(10-13 years)
60. Are you employed? 1. Yes 5. Seasonal worker or
2. Yes, buton farmer
maternity/pregnancy leave . Student
3. No . Retired
4. Self-employed . Other

61.

How would you rate the child’s
family’s general standard of
living?

1. Substantially below
average

2. Little below average
3. Average

Ol | OO

. Little above average
. Substantially

above
average

62. On average, how much money 1. Less than 50°000 AMD 4. From 201°000 to
does your family spend monthly?| 2. From 51’000 to 100’000 300’000 AMD
AMD 5. Above 301°000 AMD
3. From 101’000 to 200’000 6. Don’t know
AMD
63. How are you heating your living | 1. No water system 5. Coal
quarters? 2. Electric heaters 6. Dung cake
Heaters with flue burning: 7. Other
3. Gas 8. No heating
4. Oil
5. Wood
Thank you!

64.

End Time __ :
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Appendix 8. Questionnaire (Armenian version)

1. 6pGhuwgh 2. Uyubpedwip 3. Uduwphy /[
nwpptpwydwh dund/pnugk op/wuhu/nnwph
hwowpp __ __

Uwu # 1

4. N'ph b Qbp Yuup kpkjuwgh hln: [ 4. Uayp

5. Zuyp
6. Uj hubwmdwluy

5. N k bpkuugh hhutwlwb 7. Uujp
lubwdnnp: 1. Uy pbwdwluy (G26))

6. Qbtp puwnwuhph pyny nophpnpq 1. Unwohl 3. Gppnpy
bpbjuwl E: 2. _Gphpnpy 4. Uy (06D

7. Gphluwb sl Edudwiwyhh®, |4, dudwbwlhb 6. 2qhukd
ph_ Junudwd: 5. dunudwd

8. Pty &wlhwuyuphng ki)l 4. Puwlwb fmbwuywphny 6. 2ghwnbkd
kpkluwi: 5. Uhkuwpjut hwwnnudng

9. Otfkymg htwnn &pp t kpkuwb 6. Unwoht dwdduw pupwugpnid | 9. Gpphp
Unwnkgyb] Ypsdpht: 7. Unwght 24 dudqu 10.2LU hhonid

nupwugpnid
8. Unwght 24 duudhg wdkih n1o

10. Nppur i dunfwiury E bpuwi
Ypuymty dhuy Ypspny
(sunwtuny ny 9nip, ny k) nplik wy
htnnily Jud uiinty):

(whu)

88. 2ghwku/ 2ku hhoniul

11. Cunhwimip wedundp, nppw’
dudwbwy k tptjuwt YEpulypdty
Ypdpny:

(whu)

88. 2ghwku/ 2ku hhoniul

Uwu # 2

(Fug pnnlky uyu dwup
hwdEdunnnipyub fdph Epkluwmbbph
Stnnbbph hwdwip:

Lkpwénipynih
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Appendix 9. Criteria for estimating the severity of hemodynamic changes
caused by CHD

According to the oral discussion with the doctor from NMMC, the normal range for ejection
fraction (EF) is 55-70%, EF of 40-55% is below normal, EF less than 40% may confirm the
diagnosis of heart failure, and EF <35% may be indicative for being at risk of life-threatening

irregular heartbeats.

The oxygen saturation (OS) is referred to the concentration of oxygen in the blood. The values in
the range of 91-100% are considered normal. When OS is below 90%, the life-threatening

complications are short-term outcomes.

The norms for the left ventricular diameter are different depending on the weight of the child
(Appendix 10). An increased left ventricular diameter indicates the existence of hemodynamic
changes. When it is more than 2mm from normal range, than it is mild, when it is 2-5mm more
than normal than it is moderate and when more than 5mm it is severe. Tricuspid valve peak
gradient is the pressure in the right ventricle. The normal range of it is 15-30mmHg. When there
is moderate stenosis of the pulmonary valve, this gradient increases to 75-100 mmHg, and when
the stenosis is severe, the gradient increases to more than 100mmHg. Tricuspid regurgitation is a
disorder when the valve does not close tightly. When it is more than 1 degree, it is considered

abnormal.

After 12 months of birth, shunt gradient, the systolic pressure is normally within the range of 90-
110 mmHG and diastolic pressure is within the range of 65-75 mmHg, with a mean pressure of

70-80 mmHG. It is abnormal, when the mean pressure is starting to decrease.
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Appendix 10. The normal range for Left Ventrucule Diameter (Diastole)

Left
Ventrucule
Diameter
(Diastole)

(mm)

Norms by weight (kg)
3.2-6.4 59-95 | 9.7-131 15.0- 21-33 35-59 45-83
19.5
(16-22) | (19-26) | (26-31) | (30-36) | (33-40) | (38-46) | (40-48)
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